The purpose of this study was to detect the urinary podocytes and its related protein, nephrin, in the urine of the children with glomerular disease in order to analyze the relationship of the clinical testing with the significance of the glomerular disease. A total of 65 children with nephrotic syndrome were selected for this study. The podocytes and nephrin were detected in the urinary sediment by indirect immunofluorescence, enzyme-linked immunosorbent assay, and Western blotting. The urinary podocytes and nephrin positive rates were 53.8% and 50.8%, respectively, in the children with glomerular disease. The serum total protein and albumin decreased in the podocyte-positive children, while the urine total protein at 24 h, urinary albumin/creatinine ratio, blood urea nitrogen, and serum creatinine were significantly elevated as compared to those of the podocyte-negative patients. Furthermore, the results were the same in the patients with positive nephrin as compared to that of the patients with negative nephrin. The podocyte number and nephrin level were significantly higher in the lupus nephritis group as compared to those of the other groups. Likewise, the podocyte number and nephrin level dramatically increased in the focal segmental glomerulosclerosis group as compared to those of the mesangial proliferative glomerulonephritis and minimal change disease groups. In addition, the podocyte numbers and nephrin expression were significantly higher in severe proteinuria group as compared to those of the mild proteinuria group. The urinary nephrin expression was positively related to podocyte and urinary albumin/creatinine ratio. We concluded that the detection of the urinary podocytes and nephrin could be taken as markers for children with glomerular disease, reflecting the type of the disease. Therefore, this can be used as a noninvasive method to evaluate the severity of the kidney disease in children.
Introduction
Podocyte biology has been focused on in the past few years. The emerging understanding in podocyte biology has improved our knowledge about molecular mechanisms of many glomerular diseases. Urinary podocyte count and measurement of urinary podocyte-specific markers (nephrin and podocalyxin) have been reported to be able to detect podocyte injury. 1, 2 The slit diaphragm (SD) between the foot processes of the podocyte is an important component of the glomerular filtration barrier. Therefore, the podocyte damage followed by structural protein changes is considered to be the main cause of the proteinuria. Since podocytes are terminally differentiated cells with a limited replication potential, they are very difficult to restore, once destroyed. 3, 4 Podocyte damage is the key factor of glomerular disease. The decrease or loss of the podocyte is an important index for assessing the degree of the glomerular damage and kidney sclerosis progression. Detecting the urinary podocytes and its related protein molecules is a way to understand the severity of the glomerular disease.
Multiple recent studies have confirmed that the SD proteins such as nephrin, podocin, and CD2AP constitute the main barrier of the glomerular selective filtration to plasma composition. Nephrin is the protein related to the podocyte and was first found in the glomerular SD. The shifts, expression reduction, molecular damage, charge abnormality, and amino acid composition changes that occur in nephrin as a result of various causes can affect the skelemin rearrangement in the podocytes. This in turn could affect the function of the related protein molecule, which could lead to the destruction of the SD and production of the proteinuria. 5 However, little is known about the nephrin loss in the urine of the children with glomerular diseases.
In this study, we focused on the podocytes that were lost in the urine as a direct indication of the glomerular injury and studied the expression behavior of nephrin in the children with nephrotic syndrome. The aim of this study was to analyze the relationship between urinary podocyte and nephrin in these patients and to evaluate the activity and severity of the glomerular disease.
Patients and methods

Patients
The selected subjects were 65 hospitalized children who were diagnosed with the glomerular disease from the Second Affiliated Hospital of Guangzhou Medical University, Guangzhou Women and Children's Medical Center, and Guangzhou First People's Hospital. There were 40 males and 25 females, aged 7.06 AE 2.73 years. They had not yet adopted the hormone or other immunosuppressive agent treatments once admitted to our hospitals. There were a total of 10 healthy children in the normal group (Control), aged 6.64 AE 1.49 years with seven males and three females. In all cases, the fresh morning urine was collected with clean, dry, and sterile test tubes and was stored at À20 C.
Based on the diagnostic standards, 6 the selected cases were confirmed. According to the disease type, the cases were divided into four groups, including 42 children with the primary nephrotic syndrome (PNS), eight children with IgA nephropathy (IgAN), six children with Henoch-Schö nlein purpura nephritis (HSPN), and nine children with lupus nephritis (LN). Among these, 25 cases were diagnosed through renal biopsies. According to the pathological type, the cases were divided into three categories, including seven cases with minimal change disease (MCD), 10 cases with mesangial proliferative glomerulonephritis (MSPGN), and eight cases with focal segmental glomerulosclerosis (FSGS). According to the urine protein excretion, the cases were divided into three categories, including 13 cases with mild proteinuria (urinary total protein at 24 h [24 h UTP] <50 mg/(kgÁd)), 17 cases with moderate proteinuria (50 mg/(kgÁd) 24 h UTP <100 mg/(kgÁd)), and 35 cases with severe proteinuria groups (24 h UTP !100 mg/(kgÁd)).
Indirect immunofluorescence
A total of 30 mL urine was collected and centrifuged in a centrifugal tube. The supernatant was discarded and repeatedly suctioned with a straw. All the cells at the bottom were washed into the liquid phase, sucked off with a pipette, and transferred into a 1.5-mL centrifugal tube with pointed bottom. A mixture of glacial acetic acid, ethanol, and double-distilled water was added up to a total of 1 mL (2:1:7). It was then centrifuged for 5 min at 2000 rpm. The supernatant was discarded, and the sediment was sucked off and was uniformly smeared from the slide center by circling clockwise to the outside. The slide was then incubated with goat anti-human Podocalyxin (PCX) polyclonal antibody (1:200, Santa Cruz Biotechnology, Inc.) at 4 C overnight.
After washing, the slides were incubated with fluorescein isothiocyanate (FITC)-labeled rabbit anti-goat IgG (1:200) for 30 min at room temperature. The nuclei of the cells were counterstained with 4 0 ,6-diamidino-2-phenylindole (DAPI). The slides were observed with an immunofluorescence microscope at 510 nm of blue fluorescence and 340 nm of ultraviolet wavelengths in five different positions (upper left, lower left, upper right, lower right, and middle parts). The number of podocytes was recorded under 20 high-power fields.
Enzyme-linked immunosorbent assay
One milliliter of the sample diluent was added to the human nephrin enzyme-linked immunosorbent assay (ELISA) kit (Huamei, Wuhan) standard product (10 ng) to obtain the final concentration of 10 ng/mL. We then took a series of doubling dilutions and divided the diluent into six 1.5-mL Eppendorf tube (EP) with 5 ng/mL, 2.5 ng/mL, 1.25 ng/mL, 0.625 ng/mL, 0.312 ng/mL, and 0.156 ng/mL. The blank, standard, and sample wells were assigned with 100 mL of sample diluent, standard product, and test sample, respectively. The ELISA plate was incubated at 37 C for 120 min. After discarding the liquid, the plate was incubated with 100 mL of Horseradish Peroxidase (HRP) avidin working solution (1:100) at 37 C for 60 min. After the incubation, the solution was suctioned. A total of 90 mL of the substrate solution was added, and the plate was kept in the dark for 15 min at 37 C for color development. We then added 50 mL of the stopping solution in order to terminate the reaction. The light density (OD value) was tested with a microplate reader at the wavelength of 450 nm, and the standard curve was prepared, based on which we calculated the nephrin concentration in the samples.
Western blotting
The cell lysis buffer was added into the centrifuged sediment of urine specimen with LN, PNS, IgAN, HSPN, and Control. The protein concentration was determined by BCA method. A total of 30 mg of the total protein was run on the SDS-PAGE for 90 min and wet transferred to a PVDF membrane. The membrane was blocked with 5% nonfat milk at room temperature for 30 min and was then incubated with goat anti-human nephrin (1:500; Santa Cruz Biotechnology, Inc.) polyclonal antibody at 4 C overnight. It was then subsequently incubated with the HRP-labeled rabbit anti-goat IgG (1:500) at room temperature for 60 min. After being washed, the membrane was visualized with an enhanced chemiluminescence reagent and was exposed to the X-ray films. The expression of the nephrin protein was analyzed according to the protein band intensity.
The clinical data
The related biochemical information was collected from the patients. These included serum total protein (TP), albumin (ALB), total cholesterol (TC), serum creatinine (Scr), blood urea nitrogen (BUN), urine total protein at 24 h (UTP/24 h), urinary albumin/creatinine ratio (uALB/Cr), and urine creatinine (Cr).
Statistical analysis
The data were expressed as the mean AE standard deviation. Statistical analysis was performed using analysis of variance. The least significant difference test (LSD) test was used for the pairwise comparison of various samples and the spearman analysis was used for the correlation analysis using SPSS16.0 (SPSS, Inc., Chicago, USA). A P level of <0.05 was accepted as statistically significant.
Results
Counting the podocytes in the urinary sediment
Under an immunofluorescence microscope, podocytes were round or oval-shaped with green fluorescence observed for the cell membrane. The podocyte nuclei were round and larger, centred, or tilted to the side. Only the nuclei of the cells were counterstained with blue in the negative controls ( Figure 1 ). The results showed that the urinary podocytes and nephrin positive rates were 53.8% and 50.8% for the children with glomerular disease, respectively.
Furthermore, we compared the clinical testing data for these patients. In the podocyte-positive children, the TP and ALB decreased, while the UTP/24 h, uALB/Cr, BUN, and Scr were significantly elevated as compared to those of the podocyte-negative patients. Likewise, the patients with the positive nephrin had significant differences as compared to the negative nephrin patients. There was no statistical significance for the TC levels (Table 1) .
Pathological types of sources
In eight IgAN patients, we found six patients with MSPGN and two patients with FSGS by renal biopsy, and IgA showed granular deposition in the glomerular mesangial region. The clinical manifestations of these patients were recurrent hematuria associated with proteinuria and increased serum IgA levels. Nine LN patients with antinuclear antibody and anti-dsDNA antibody positivity as well as decreased C3 complement were admitted due to edema and proteinuria. Among these nine patients, there were three cases of MCD, one case of MSPGN pathological type III, one case of MSPGN pathological type IV, and four cases of FSGS. Seven PNS patients received renal biopsy, and the results showed four cases of MCD, one case of MSPGN, and two cases of FSGS. The other PNS patients were diagnosed for the first time with simple-type nephrotic syndrome without other nephropathy. Six cases of HSPN patients showed skin purpura, hematuria, and proteinuria, and one patient of them was diagnosed with MSPGN. The results of this study showed that there were significant differences in the urinary podocytes and nephrin among the three groups. Through the paired comparison for samples, the podocyte counts and nephrin expressions from the FSGS group were demonstrated to be significantly higher than those of the MCD and MSPGN groups. There was no statistical significance when we compared the difference between MSPGN and MCD groups ( Table 2) .
Different disease groups
In the experiment, the results showed that there were significant differences in the expression of the urinary podocytes and nephrin among these groups. In Control, no nephrin expression was detected, and the number of podocytes is 1.38 AE 0.42. Through the paired comparison of the samples, it was demonstrated that the urinary podocytes and nephrin expressions were significantly higher in the LN group as compared to those of the PNS, IgAN, and HSPN groups. The podocyte count and nephrin expression of the PNS group increased as compared to those of the IgAN and HSPN groups as well (Table 3) .
Different degrees of proteinuria
The results showed significant differences for the podocyte count and the nephrin expression among the three groups. There were significant differences of urinary podocyte count and nephrin expression between the heavy and mild proteinuria groups. The podocyte count and nephrin expression from moderate proteinuria group fell somewhere in the middle (Table 4 ).
Urinary nephrin expression in Western blotting
We analyzed the nephrin expression in the urine by Western blotting. According to the protein bands, nephrin was detected in the urine of the children with LN, PNS, IgAN, HSPN, and Control. Its molecular weight was low (about 43 KDa), and the sheared fragments of the nephrin protein were detected. The analysis was consistent with the results of the ELISA (Figure 2 ).
Correlation analysis
Using the Spearman analysis method, the results showed that the nephrin expression in the urine of the children with glomerular disease had positive correlations with the urinary podocyte count (r ¼ 0.996, P < 0.05) and uALB/Cr (r ¼ 0.544, P < 0.05).
Discussion
In the past few years, the podocyte count has been focused on in the study of glomerular physiology, pathology, and disease progression. Podocytes are a unique cell both functionally and phenotypically. When the podocyte is damaged due to various reasons, a series of phenotypic changes could happen. The podocyte swelling, foot process retraction, and fusion have been observed with electron microscopy. These steps have been followed by podocyte shrinkage, pseudocyst formation, and anionic charge reduction. Finally, the podocyte was isolated from the glomerular basement membrane (GBM), stripped to the renal capsule, and was excreted from the body with urine.
After the damage and exfoliation of the podocyte, it can only rely on its surrounding. Therefore, the cell undergoes a compensatory hypertrophy in order to fill the bare area of the GBM. When the compensatory hypertrophy of the podocyte could not completely cover the GBM, the GBM without a podocyte support might be compressed and convexed into the renal capsule under the action of capillary hydrostatic pressure. Furthermore, it could adhere to the epithelial cell of the glomerular wall layer, cause cell proliferation, damage the extracellular matrix, and finally trigger and aggravate the glomerular sclerosis. 7, 8 Podocalyxin is the parietal epithelial molecule of the podocyte, which can induce the actin reorganization in podocyte, and so it can be used as the detection indicator of podocyte injury in the experiment. 9, 10 The indirect immunofluorescence could be conducted on the cell smear of the urine sediment as a specific method for testing the urinary podocyte count. 11 Previous studies have reported the damage and exfoliation of the podocyte in various types of glomerular diseases; however, no podocyte was detected in the patients with tubulointerstitial nephritis (including pyelonephritis) and noninflammatory renal diseases. [12] [13] [14] We further compared the clinical data among the patients in this study. For the podocyte-positive children, the serum total protein and albumin were decreased while the UTP/24 h, UALB/Cr, BUN, and Scr were significantly elevated as compared to those of the negative podocyte patients. Also, the patients with positive nephrin expression showed similar results as compared to the patients with negative nephrin expression. These findings suggested that the urinary podocyte count and nephrin expression could be used as markers in the children with glomerular disease and an increased urinary nephrin could potentially equate with an early podocyte injury.
In this study, the results showed that the podocyte count and nephrin expression from the LN group were significantly higher than those of the other groups. Likewise, the podocyte count and nephrin expression of the FSGS group dramatically increased as compared to those of the MSPGN and MCD groups. Furthermore, through the analysis of the nine LN patients' pathological types, there were three cases of MCD, one case of MSPGN pathological type III, one case of MSPGN pathological type IV, and four cases of FSGS.
These findings suggested that the podocyte count and nephrin expression in the urine were associated with the type of glomerular diseases, which were relevant to the LN group's pathologic changes.
In addition, the podocyte count and nephrin expression from severe proteinuria group were significantly higher than those of the mild proteinuria group. The urinary nephrin expression was positively related to the podocyte count and uALB/Cr.
Nephrin is a transmembrane protein, which is located on the glomerular SD. 15 It is very important to maintain the integrity of the foot processes and the function of the SD. Nephrin has been found in urine (nephrinuria) in several experimental studies and in human proteinuric diseases as detected by immunoblotting analysis. 16 Several studies on the glomerular diseases in relation to proteinuria in human and rats have reported that there was podocyte damage detected in these diseases. Furthermore, they reported that the expression of nephrin and podocyte-associated molecules was changed. Moreover, nephrin was reported to be fallen off from the podocyte followed by being excreted from the body within the urine. 17 Adopting affinity purification antibody, Pätäri et al. 18 first reported the sheared fragments of the nephrin in the urine of the patients with type I diabetic nephropathy. Meanwhile, the typical full-length protein band of the nephrin was detected from the patients' glomeruli. Therefore, it was hypothesized that some of the nephrin was being degraded during the collection and storage of the urine. In this study, the sheared fragments with the molecular weight of about 43 KDa were detected from the urine of the patients with glomerular disease by Western blotting. This might have been the soluble sheared variant of the nephrin in the urine.
This study showed that the podocyte count and nephrin expression in the urine could be used as biomarkers reflecting the type of the glomerular disease and its activity. The urinary detection of the podocyte injury might become a more sensitive indicator of the glomerular disease damage as compared to proteinuria. 19 The urinary podocyte cytology is a potential noninvasive test with a good diagnostic value for glomerular disease. This could potentially compensate for the drawbacks of the renal biopsy for children whose renal biopsy is usually not performed in China.
